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Comparison and analysis of calculation methods for geogrid tension in
geosynthetic-reinforced soil abutment
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Abstract: Reinforced soil abutment has the advantages of low cost, simple construction, small land occupation requirement,
and strong adaptability to uneven settlement. In recent years, reinforced soil abutment has been widely used in the
construction of short span bridges such as overpasses and culverts of both domestic and foreign traffic engineering. The
stress calculation of reinforced soil abutment reinforcement is the focus of structural design. Aiming at the design scheme
of non-load bearing reinforced soil abutment in the test section of an expressway, three methods are used to calculate the
axial force of the geogrid under working stress. Two of the methods are based on limit equilibrium theory, which is “the
technical code for the application of geosynthetics”, together with the improved k-stiffness method, and another load and
resistance factor design method which are based on the limit state theory. The results show that the geogrid axial calculated
by the improved k-stiffness method is significantly less than that calculated by the other two methods. The results are also
analyzed and the application prospect of the three methods in design is discussed.
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Fig. 1 Schematic design of wrapped abutment
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Fig.2 Schematic design of separated abutment
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EE¥E S 35°, BhE 1 0kPa. MG TSR LditiE
1 %K 20 kPa.

2 BRI RN E AR

KT PR [F) I 28V R 27 e S T B
N T A MR AT T e, RN E AT
Pt (L& AR B KRG ) U121 s ik
HJ7AT Allen F1 Bathurst $2 H! HI S K RIREIED3,
2.1 (I EMMREBERARIE) i+ EgiEh

(LT B BB ARREN? drés Hifih
HI G — 2 M B KRS Toax 7154

T =K.S, (72 +0) (1)

X K AECESN LIS RE: S NHid R
PE, m: y ALERE, kKN/m?s z M R R T
FERE, m; g ARG LA, kPao
M IV KBLST Tava WH R ITEN:
T

ult

T =
™ " RF, x RF, x RF,

2

e Tu AHMPLRIRSE, kKN/m; RFs AT
RE RFa e T80 2R3 RE G HTIRFREL.

HTHEA R A B8 ) b TR VR R
$7 77 Tava 9 19.39 kN/m; B B e+ TSI 2514
B KHE ST Tava N 29.09 KN/m.

MSEW3.0 5t H P9 B 14 75 A4 il 7 S5 D e D
HEFA (DL () T5H. R MSEW3.0 B %}
2 LU0 R A A& 5 20 & 10 L TRl A7 31T 1 5
ZERWFR 1K 2 Fim.

2.2 B K RIS E AR A

ot KW Ve — At 5 75, B Allen
1 Bathurst J&T 55 /) K K EEvEoEEm ok, 8-
YR PEEE TAEN IR, B — e R 58
o3 52 B AR i B AR ER AR R I FH T, BEARAHAR
G150 R N I S B W o i 2 E A e =T
BEE A3 A3,

x1 HES om AWK (EIERMBRBEARITE) HEEM T ER

Table 1  Tmax value results of the geogrid calculated (Technical code method, height of 6 m)
e B8 T 36 8/ BEANE HEAE
Tinax /(KN/m) G4 BB Toval Trmax Tnax /(KN/m) A B3R Taval Troax

5.8 15.70 1.235 18.44 1.052
5.4 14.88 1.304 17.61 1.101
5.0 14.05 1.380 16.79 1.155
4.6 13.23 1.466 15.97 1.215
4.2 12.41 1.563 15.14 1.281
3.8 11.58 1.674 14.32 1.354
3.4 10.76 1.803 13.50 1.437
3.0 9.94 1.952 12.67 1.531
2.6 9.11 2.129 11.85 1.637
22 8.29 2.340 11.02 1.759
1.8 7.46 2.598 10.20 1.901
1.4 6.64 2.921 9.38 2.068
1.0 5.82 3.334 8.55 2.268
0.6 4.99 3.885 7.73 2.509
0.2 4.17 4.652 6.90 2.809
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Table 2 Tmax value results of the geogrid calculated (Technical code method, height of 12 m)

(X SNkl S EAME
MBS RS TR BE B /M Tinax /(KN/m) 2245 BB Tava/ Tinax P EE A0 IO R B /m. Tomax /(KN/M) 24 RREL Taval Tinax
10.8 26.19 1.111 9.8 26.47 1.099
10.6 2537 1.147 9.4 25.65 1.134
10.2 24.54 1.185 9.0 24.82 1.172
9.8 23.72 1.226 8.6 24.00 1212
9.4 22.90 1271 8.2 23.18 1.255
9.0 22.07 1.318 7.8 22.35 1.302
8.6 21.25 1.369 7.4 21.53 1.351
8.2 20.42 1.424 7.0 20.70 1.405
7.8 19.60 1.484 6.6 19.88 1.463
7.4 18.78 1.549 6.2 19.06 1.527
7.0 17.95 1.620 5.8 18.23 1.596
6.6 17.13 1.698 5.4 17.41 1.671
6.2 16.30 1.784 5.0 16.58 1.754
5.8 15.48 1.879 4.6 15.76 1.846
5.4 14.66 1.985 42 14.94 1.948
5.0 13.83 2.103 3.8 14.11 2.061
4.6 13.01 2.236 3.4 13.29 2.189
42 12.19 2.387 3.0 12.47 2.334
3.8 11.36 2.560 2.6 11.64 2.499
3.4 10.54 2.761 22 10.82 2.689
3.0 9.71 2.995 1.8 9.99 2.911
2.6 8.89 3.272 1.4 9.17 3.172
2.2 8.07 3.606 1.0 8.35 3.485
1.8 7.24 4.017 0.6 7.52 3.867
1.4 6.42 4.532 0.2 5.10 5.703
1.0 5.60 5.199 — — —
0.6 3.66 7.958 — — —
0.2 2.18 13.346 — — —
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Table 3  Values of calculation parameters of improved k-stiffness method

T8 zb Dy, D (N Diocal D

PR 6 m RS 3.43 1 1 0.37 1 1
HiE o m 4 EAM G 3.43 1 1 0.37 1 1
ks s 12 m BEN G 7.03 1 1 0.42 1 1
PiBE KRR R 12 m 4 A 6.26 1 1 0.42 1 1

F 4 HEHES 6 m AU K NIE AT ERM T 45 R
Table 4 Tmax value results of the geogrid calculated (Improved k-stiffness method, height of 6 m)

== VAN ANy AN
e B 14 5 2 25/ BAEANE AEANE
Tmax /(kN/l’Il) ﬁé%i& Tava/ Tmax Tnax /(kN/m) ﬁé%%& Tava/ Tmax

5.8 6.34 3.058 7.04 2.757
5.4 6.34 3.058 7.04 2.757
5.0 6.34 3.058 7.04 2.757
4.6 6.34 3.058 7.04 2.757
4.2 6.34 3.058 7.04 2.757
3.8 6.34 3.058 7.04 2.757
3.4 6.30 3.078 6.99 2.773
3.0 5.83 3.327 6.52 2.974
2.6 5.36 3.621 6.05 3.207
2.2 4.89 3.971 5.58 3.479
1.8 4.41 4.397 5.10 3.801
1.4 3.94 4.924 4.63 4.189
1.0 3.47 5.596 4.16 4.665
0.6 2.99 6.479 3.69 5.263
0.2 2.52 7.694 3.21 6.038




4 W

FER, S5 I M B AT BT E S 295

x5 HBERBRES 12 m HFERE K NI EETTEEM Tn45R
Table 5 Tmax value results of the geogrid calculated (Improved k-stiffness method, height of 12 m)

(X SNkl HEAME
PR TAMPE /M Tax /(KN/m) LR Tove/Toax FEMIPEESETAMIFE B/m Toax /(KN/m) 22 REL Tava/ Tinax

10.8 10.57 2.753 9.8 10.24 2.842

10.6 10.57 2.753 9.4 10.24 2.842

102 10.57 2.753 9.0 10.24 2.842
9.8 10.57 2.753 8.6 10.24 2.842
9.4 10.57 2.753 8.2 10.24 2.842
9.0 10.57 2.753 7.8 10.24 2.842
8.6 10.57 2.753 7.4 10.24 2.842
8.2 10.57 2.753 7.0 10.24 2.842
7.8 10.57 2.753 6.6 10.24 2.842
7.4 10.57 2.753 6.2 10.04 2.898
7.0 10.18 2.859 5.8 9.56 3.045
6.6 9.70 2.999 5.4 9.08 3.206
6.2 9.23 3.154 5.0 8.59 3.386
5.8 8.75 3.325 4.6 8.11 3.588
5.4 8.28 3.516 42 7.63 3.814
5.0 7.80 3.730 3.8 7.15 4.072
4.6 7.33 3.972 3.4 6.66 4.366
42 6.85 4247 3.0 6.18 4.707
3.8 6.38 4.564 2.6 5.70 5.105
3.4 5.90 4.931 22 5.22 5.577
3.0 5.43 5.363 1.8 4.74 6.145
2.6 4.95 5.878 1.4 425 6.842
2.2 4.48 6.502 1.0 3.77 7.717
1.8 4.00 7.274 0.6 3.29 8.848
1.4 3.53 8.255 0.2 2.81 10.369
1.0 3.05 9.541 — — —
0.6 2.57 11.302 — — —
0.2 234 12.451 — — —
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Table 6  Tmax value results of the geogrid calculated (RFD method, height of 6 m)
443 T BEAbE ABAGE
Tax /(kN/m)  FREITIRIERE Tavar/ Tmax Tiax (KN/m)  ZKERSIFAFZ Tavar/ Tmax
5.8 22.06 0.791 23.42 0.662
5.4 20.95 0.833 22.44 0.692
5.0 19.84 0.880 21.45 0.723
4.6 18.73 0.932 20.46 0.758
4.2 17.62 0.991 19.47 0.797
3.8 16.50 1.058 18.48 0.839
3.4 15.39 1.134 17.49 0.887
3.0 14.28 1222 16.50 0.940
2.6 13.17 1.326 15.52 1.000
22 12.06 1.448 14.53 1.068
1.8 10.94 1.595 13.54 1.146
1.4 9.83 1.775 12.55 1.236
1.0 8.72 2.002 11.56 1.342
0.6 7.61 2.295 10.57 1.467
0.2 6.49 2.688 9.58 1.619
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Table 7 Tmax value results of the geogrid calculated (RFD method, height of 12 m)

WERNE SERNE
I 124 455 T T Tl (KN/m) AR NRIER M 24 455 T T T/ (KN/m) HRI SRR
#EB/m Tavar/ Timax HEBY/ m Tavar/ Timax
10.8 36.22 0.723 9.8 37.25 0.703
10.6 35.11 0.746 9.4 36.14 0.724
10.2 34.00 0.770 9.0 35.03 0.747
9.8 32.89 0.796 8.6 3391 0.772
9.4 31.78 0.824 8.2 32.80 0.798
9.0 30.66 0.854 7.8 31.69 0.826
8.6 29.55 0.886 7.4 30.58 0.856
8.2 28.44 0.921 7.0 29.47 0.889
7.8 27.33 0.958 6.6 28.35 0.923
7.4 26.21 0.999 6.2 27.24 0.961
7.0 25.10 1.043 5.8 26.13 1.002
6.6 23.99 1.091 5.4 25.02 1.047
6.2 22.88 1.144 5.0 23.91 1.095
5.8 21.77 1.203 4.6 22.79 1.149
5.4 20.65 1.268 4.2 21.68 1.208
5.0 19.54 1.340 3.8 20.57 1.273
4.6 18.43 1.421 34 19.46 1.346
4.2 17.32 1.512 3.0 18.34 1.427
38 16.21 1.616 2.6 17.23 1.519
34 15.09 1.735 2.2 16.12 1.624
3.0 13.98 1.873 1.8 15.01 1.745
2.6 12.87 2.034 1.4 13.90 1.884
2.2 11.76 2.227 1.0 12.78 2.048
1.8 10.64 2.460 0.6 11.67 2.243
1.4 9.53 2.747 0.2 8.02 3.263
1.0 8.42 3.109 — — —
0.6 5.59 4.687 — — —
0.2 3.38 7.755 — — —
SR K NI, T A
5 & i (1) TR REOER (LT & Bk R

ASCHET AR A E AN LA A BT %, A
FIAN TR 7532508 DU Aot ¥ v 200 7 FR R Al 0 i3k 4
T, IR VIR AR . RATHE I A BT
AU ZABGE S (TS SRR BARNE) 115

FABORREY T3 v 545 2 RTRS Ml 7 4 i 2 3L
=M An, HIRZ A M B e i
WA VE RO Sy, AR AT IR et
AR B = 2 108 1A P i %

(2) Hudt K WIFEERITHE SR B, Al
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